Background: HIV-1-infected cells in peripheral blood can be grouped into different transcriptional subclasses. 2 Quantifying the turnover of these cellular subclasses can provide important insights into the viral life cycle and 3 the generation and maintenance of latently infected cells.
Our study is unique in that we fit a mathematical model of HIV-1 within a host to data of the virus 144 dynamics at the single cell level. This is a substantial step beyond modeling studies that considered free virus 145 in plasma, CD4 + T cells and bulk measurements of viral activity only. The new quantitative insights into the 146 replication dynamics of HIV-1 in vivo that this study provides will be useful for an improved understanding 147 of HIV and the effects of novel treatment strategies. 148 The measurements of HIV-1-infected cells and the virus concentration were performed in blood only. In 149 our mathematical model, we thus assume homogeneous mixing of virus and cells throughout the body. It is 150 important to note, however, that the characteristic decay profile in the study by Fischer et al. [12] could also 151 be a result of differential trafficking of virus particles and HIV-1-infected subpopulations of cells between the 152 blood and lymphoid tissue. Furthermore, it has also been suggested that the virion clearance rate from the 153 blood corresponds to a virion efflux to other organs where the virus is ultimately cleared [32] . We assumed 154 the death rates of cells during the intracellular eclipse phase (I 1 to I 5 ) to be the same as the death rate 155 of CD4 + target cells. Some studies have suggested that infected cells in the eclipse phase could also be 156 a target of cytotoxic T lymphocyte (CTL) killing and experience high death rates [24, [33] [34] [35] . The early 157 steps of proviral transcription also remain elusive. It has been suggested that the decay of non-integrated 158 provirus in infected cells could render them CD4 + target cells again [36] [37] [38] [39] . The kinetics of HIV-1 DNA 159 indeed show a small drop early after start of cART (Figure 2 and ref. [40] ). However, we have excluded this 160 effect for simplicity. Ultimately, the mechanisms of viral latency in HIV-1 remain a matter of debate [41] .
161
In our model, we assumed that after proviral insertion some cells fail to increase viral RNA transcription 162 and become latently infected cells. Latency could also result from infection of resting CD4 + T cells or 163 de-activation of activated CD4 + T cells. We have not included the latter two mechanisms in our model as 164 the data would not allow us to distinguish between them.
165
The complexity of the HIV-1 life cycle and its mathematical representation prevents the identification 166 of a 'true' underlying model. We made several simplifying assumptions in our default model but we also 167 studied a series of alternative models and found that some of those models also fit the data well. The limited 168 number of patients prevents a more thorough analysis of the data. We also used the least-squares method to 169 fit the model to the data and did not consider maximum likelihood approaches [42], values below the limit 170 of detection or nonlinear mixed-effect models [43] . For the subclass DNA + , we make the assumption that there is only one proviral DNA copy per infected 247 cell [61].
248
Mathematical model 249 We devised a new virus dynamics model ( Figure 3 ) which is adapted from previously published models [19, 24, 25, 30] . The various subpopulations of infected cells were stratified according to their HIV-1 DNA and RNA content. The model can be described by the following set of ordinary differential equations (ODEs):
dM
CD4 + target cells, T , are produced at rate λ and can become infected by virus particles, V , at rate β. The five subclasses of cells are: DNA + (black circles), Low (red diamonds), Mid (green crosses), High (blue 499 triangles) and Extra (chocolate squares). Symbols represent geometric means of the five patients from the 500 study by Fischer et al. [12] . The dashed line represents the limit of detection that was set at 50% of the 501 lowest measured cell count. Measurements below this threshold were assumed to be at 50% of the detection 502 limit to include them in the mean. 
504
Actively infected cells move through an intracellular eclipse phase (I 1 to I 5 ) before they start to produce 505 virus particles (I 6 ). Some of the cells during the intracellular eclipse phase become either defectively infected 506 (D), latently infected (L 1 ) or persistently infected (M 1 ). Both latently (L 1 and L 2 ) and persistently (M 1 and 507 M 2 ) can move between two transcriptional states. Persistently infected cells that are in a high transcriptional 508 state (M 2 ) also contribute to virus production. The different subpopulations of infected cells can be stratified 509 according to their HIV-1 DNA and RNA content (shown on top). Transition rate from L 1 to L 2 10 −3 − 1.0 0.079 0.006 − 0.284 d −1 σ 2 Transition rate from L 2 to L 1 (assumption) 1.0 --d −1 κ 1 Transition rate from M 1 to M 2 10 −3 − 1.0 0.103 0.027 − 0.683 d −1 κ 2 Transition rate from M 2 to M 1 (assumption) 1.0 --d −1 α Activation rate of latently infected cells 10 −6 − 0.1 2.7 × 10 −3 5.3 × 10 −5 − 1.5 × 10 −1 d −1 N Viral burst size of virus-producing cells infected cells 10 3 − 10 6 2.14 × 10 4 3.46 × 10 3 − 2.40 × 10 
